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Abstract 


PURPOSE:To improve the luminance and life of a nitrogen-Ill compound semiconductor light emitting diode. 
CONSTITUTIONS 500Angstrom AIN buffer layer 2, high carrier concentration n<+>-layer 3, approx. 2.2mum in film thickness and 
2X10<18>/cm<3> in electron density, mode of silicon-doped GaN, low carrier concentration n-layer 4, approx. 1.5mum and 1X10<16>/cm<3>, 
made of non-doped GaN, low carrier concentration p-layer51, approx. 0.5mu and 1X10<16>/cm<3> in hole density, made of Mg-doped GaN, and 
high carrier concentration p<+>-layer 52, approx. 0.2mum and 2X10<17>/cm<3> in hole density, are formed on a sapphire substrate 1 in this 
order. Nickel electrodes 7 and 8 are formed on the high carrier concentration p<+>-layer 52 and high carrier concentration n<+> 3, respectively. 
The nickel electrode 7 lowers the drive voltage. 
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Bin&^r. &#*V*-Ki oit, *7 7-r7*« 

l£^UTfc»J. *®*7 7-r7«glK500 A0A1N 
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7>^fi&*<£*-y 'J7?ft*pJI5 1, fltfflti0.2 Mm, IE 
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**&flUb£ttftfaa£i£( jstf tmovpe j *et) k 

mT riKG j tge-r) tK'j^f-;i/7;u5^^A(Ai 

(CH»)») (JfilT TTMA j fcffiT) ti/7>(SiH4)i:t*A 
S'^D'OJ i/x - if * i/ 0 A (Hg (C*Ha) 2) ( 

40 [ 0 0 1 1 ] rr. mw&frwmamiz* y t 
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^^fiXSAfe. ^tC, *7 7-T7»«lfl!)WEfen50 
ICtCft^L. H2i20 Uter/^. NHs 610 Uter/#. 
50 TMG «: 1.7xi(T 4 ^;b/^. H2-C0.86ppb *T#«Lfc 
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7# M/i/*M 2&LfSi02jfl 1 K^oTBfcftTi* 
4H>gftS0)i5** 'J7BKP* 05 2 fc* OT£><g** 
'J7BKpB5 1. «#+'J7BKnJi4. ft**'J7 
■Kn' jl3£>_L®— SJ£, KffiK0.04Torr. 
7}0.44¥/c« 2 . BCUtfXfclO aiiniiter/#0>S>J-£T#t 

fc. ff*+'J7«Kn- JI3K#-Ta«B 

A£ L0fc«0?L 1 5 tt*£B® feaojg 9 

ftfc. 

[0 0 2 0] fcic. @6t;^fJ:3K, »*t'J7il 
P* Jf 5 2±K&oTl**SiO*Jf 1 1 fc7y<fc**Bte 

xy*;uBl3*»*K*y»«Lfc. ;nt;J:»J, 7L 

II KUi/AM 4 fcMLt. 7*h'J 

V5T97iCj:U. *»7#hU4'Xhl4W*t>J7 
««n* 13&tm*+ 'J7«S P * JS5 2K#-r** 

[0021] ?^tc. miizijktzoizzny* hv>Jx 

hi 4ftvx^t LTTJiOxy^uiii 3 0»aig5$: 
»©fcAO»9^ai*S*ifexy^;Hi 3tt. 

fifc££ft*. ^tC. 7*H/S/Xhl4fe7tK>tim 
*U »*t'J7i«n- /13<3«ffi8. >J7| 
«P*l5 20W7)iWS*ifc i -t©*. ±Htf)$D< 

[0022] 3©*7fc^r-r*-Kiouep*D-rs 

08^-T. X. it!50^«t)tC7;i/5-'7Ar*fli$:^ 

L*iHllfftt7V^3V»:ilTLfc. 
[0023] C0ie»tCLT«ifi$nfc^^-r^-K 
1 0 CDM1WsS20bA * 

lowd -c»y. rcofc^ffsti. tayftop nias^^GaN 
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7;i/5 0Atltt;fi^. 
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fcW7 1«W«nT^4. «*t'J7i«n* B3 
£*f*"*Ba8 lti. »J7a*p- 05 0 2&rj 

ft** y 7«* p15oi izm t r i * a 
6 2 &tfflmewft& i a 6 1 k * y *fe*#a $ nr ^ 
ft. 

[0030] z©«a©«*jr-f*-Ki o©a 
ito&ttto^TBiwr*. aaxafcavrai 2ft*&a 

y. WBici*!aicjR'r*w*yjgL©*snfe , >x^ 
nBur*oKSiw**«ton4. -tux. a&c. $ 

[0 0 3 1] mim&totmmzLx. ai 2^1-$ 
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Mi- B6 2a±ic. Ay<y^y>ifu:j:ysiOiai 

1 S:2000AcO/iat:^5£U/i. ^c^SiOi^l 1± 

y7«Sn«4tcMft<totC^fi£$nft?Ll 5H#£T 

[0032] 01 4Ka*TJ:dK. 

10 M3fixy^>5r«Ttt*Ufc. 01 5Ka*-r*} 

7* KUi/^S 1 2&tfSiO*JIl 1 »:irsTW)*l 
rv^^flJfi[©»^lfi1Wiai- 16 2t*0)TV><&* 
m^m&iMe »J7Mni4 i:i«** 'J 7 

aSn* B30±ffi-SS. X£flE0.04Torr. 
£0.44¥/c» 2 . BCls/fXfelO ailliliter/^<0»J^-C#^ 
»LK5-fXy^>ifLfc». Ai-CK^xy^i/^U 

fc. rcoxg-e. s*+ y7«an- b3kht*b« 

staiL^fe«6o?Li 5***ja**ifc. sue a i 

20 aiifc7yft*att-ci*4Lfc. 

[0 0 3 3] fctc. ai 7tc^-Tct^t;. 
i* a6 2XrJK^«1$RiSi^6 lCO^^tfitc^ 
*• £J«*«ig*fiRBfcBi*TB-?*fc«MLT. * 
n-ftip£351!$r^-riH7La«4 xi0 17 /c 3 ^«*^ y 
7mKp*«502. I=?ta«l xiO l '/co 3 <OiS*^y 

7aa P aso i 

[0 0 3 4] a«©=t«*4tti. *D£*£10KV. 

aai ua . t*-^©2iftjaao.2«/sec . t*-AS6o 

Mm0. E^K2.1 XIl-»TorrT*&. 
30 y7«Kp- Ji502£tf«*+ »J7M[pi50U 

W4:^«^tttt«fi i - 1 6 2 &tf&**6fc»* i /i 6 

i©**-e*4. ttoT. »*-¥'j7»ap- aso2 
tt**y7««na4taia-r-5*». na 
a6 iic*ya«*iti6a»a*nTv^. 

[0 0 3 5] ftn, 01 3HitJ:oi:. «*^'J7a 
Sp* a5 0 2i:. i»6 2 ff^tt 

40 «MEi- «6 2©±ffifc?ll Sftii^TK*^ 'J7* 
«n-a3tt:. x y ^;ua2 0*'*»KJ:y»rtSn 
^. *t LT. fOly^i 2 0©iH7^ h L/i/^ b 
2 1&!fc*LT. 7*MJV^77t:«tU. -t^^^h 

u^s2 iav«*-y y7jifin- a3at;»*+ »J7 

ftTA^tLTTa«>xy>r;ua2 0©BasSISfeaa» 
iyfV^Ti';f>^L 7*hUi/XK2U7 
*h>-c»*Lfc. :^)i:i:Lt, ai l c^T <* e> 

50 tc. I*+iJ7flJtn- Ba-7>BB8 1. »J7« 
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«P* /■5 0 2(3«a7 lfcJBfi&Lfc. -toft. ±a© 

(0036] r®j:}KLTMSftfc**$r-<jt.-K 

tmmtz. rara£t*3 v-efeofc. 

[0037] fiU^ffl 

0 i n^r«iig0® i «s«©*3ft^-r *- k ks^ 

T. S*+U7»gn-JI3. <&**'J7»«nJl4. 10 

'J7»*P«5 1. »#^'JTiASp- j|5 2 
fc. Alo.j6ao.6lno.3Nt Ufc. »*t«J7i 

«n*I3ll i/'Jn>$:^IOLr*^«S2 XlO"/c 

1 i±t if * 2/ $ a (hk) & Hid l r $ris# t r IE7L 

WEI Xl0 lo /ca 3 £^fi&U »*+'J7ltp - 05 2 
fcfcfil C<*7^^i/^A (Kg) L T**« & MM U T 
iETLWE 2X10*Vca s lCJMaLfc. *LT, I*t'J7 

«Kp- ■5 2t*iirraiy^i/-e****i.fc««7 20 

[0 0 3 8] fcK, Z®*a0«#4f-r*-KlO%JB 

*. h'J>f-;i/-r>^"^A(In(CH3)3)^TMG . TNA , £/ 

& i.7xio-^;i//^r#«&-rirt&fift^Tffi^^A 

[0 0 3 9] Bl1SB&fli:[Bi«tC. 0I^§ 30 

#ff6Bfc«v*T. ±S20S*+iJ7WEp* I52&1/ 

[0 04 0] fcic. SlXtMfcPMK. »*+'j7a 

Sn* i!3&L^*-y UTMp'JIS 2\Zl$tZ>-y 

[0 04 1] Z0«*3T-r*-K 1 OKWftlT 4 

bfca^KJfcKT. fclflfcfcfcPO* 
C ■ftL*^«*ffitt7V*£3VK<&TLfc. 40 

[01] **W©A*«J5i!»lWK«!K«a**^-r* 
[02] W«««0«*^-<*-K©KSiat5%Lfc 

&riEJ0» 
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[@3] raii»«©«A4r-r*-K«aasxafewLfe 

StBd0« 

[04] RIJIliS«©*^^*-K<0»Sxa&mUfc 

[05] |B||6««a>*3tt3r-r*-K«)«iaxatmLfc 
5f[S0. 

[06] RBaS«0«*5r-r*-K©«jaxafeiSLfc 
Brora. 

[0 7] HjQSWiOISjft^^-KflDKtxafeSLfc 
[08] nXttM«)«ft5r^4--K0D«£-«S19itO 

[09] t^<&7;U5 -^ATO£8t>*J5#*V*-- 

[010] fBi«i«ffl»g«c*^s«^^-r*-K 

0*j££w*Lfc«ac0. 

[011] *«^A(Wl%li2»SmtCffi5««jrY 

[0i2] Raw«cD*3te^-r#-K«)waxafe3wL 
[013] ra«fc«o«A^-r*-K©MtxaftwL 

&VFBTB. 

[014] Rw»«©«3te4r-r*-K©KaxafewL 

feVrBB. 

[015] RIWW«0«3tir^#-KW»Sxa&ii«L 

[016] raMfc«0«3ft^-r*-KOMSX8ft35tb 
fc»r®0. 

[017] raii»«flD«jte5r-r*-K©Maxa&iitL 

fc»f[E0. 

[018] IPIIM«0«3t^*-KflD»txa&mL 
fcBrffiB. 

1 0-«#5T-f;r-K 
1^7 7^7*15 

3-»* + 'J7lSn* A 
4 U7)t£n* 

51. 5 0 1-<ft*+U7WEpJI 

52, 5 0 2-«*t'J7l«p- * 

6 2-W^»B1»«ai- Jl 
7. 8, 71, 8 1-H 
9-H 


R006730 


(6) 


WB8¥6- 1 5 19 68 


101] 


[02] 


[03] 



P"6aN 



y 


10 


[06] 


[07] 


p-GdN 


[04] 


[05] 



m 


P-GaN 


>$«ppt)if« ^ 


.51 

n-GaN 


P-GaN . 




[012] 


[08] 


[09] 


16 
U 
12 
10 
8 
6 
4 
2 
0 


1mA) 
16 
14 
12 

10 

e 

6 
4 

2 
0 


'"^sapphire / 


n-GaN 


[01 5] 


0 S 10 IS 20 


30 


40 SO (V) 


0 S 10 20 30 40 ■ SO IV) 


[016] 


ei-r 



[013] 


[014] 



1-^ sapphire / 


wuumxm. 


12- 

'111 


.-/sapphire / 


52 ~ *A y-ffi 


2 


//////// 

1-^ sapphire / 

Y//////A 


*006731 


(7) 


1S5S¥ 6-151968 



(72)£(9§# iEfc (72)»51* H 

S*flfc55# b a rr^» A^^rt i £*ofc£SS raza^ 1 t a 1 #38 - 

#*fi 805 

#fc sea^fift«^^rt *£iKBitti99ttia3*£ 


R006732 


